Background: Centralization of cystectomy treatment for bladder cancer, while associated with improved outcomes, may impose geographic barriers to care. However, whether this effect may be counterbalanced by an increased number of high volume centers has not previously been explored. Objective: To characterize changes in geographic disparities to high volume cystectomy centers over time. Methods: Data on all inpatient admissions for cystectomy in New York State (NYS) from 1997-2011 was obtained from the Department of Health. Using these data, we classified hospitals according to cystectomy volume and measured patient distance traveled to a cystectomy center. Population weights, from the US Census, were used to describe changes in minimum travel distance to high-or very high-volume (HV/VHV) facilities across the NYS population. Results: Bladder cancer patients underwent cystectomies at 195 hospitals during the study period. In 1997-2001, eleven HV/VHV facilities accounted for 37.5% of all cystectomies, while sixteen HV/VHV hospitals accounted for 71.5% of all procedures during 2007-2011. Median distance traveled by cystectomy patients to all hospitals increased from 9.6 to 14.4 miles in 1997-2001 to 2007-2011, respectively. In the same time span, the median travel distance for the NYS population to a HV/VHV center decreased by 1.9 and 9.4 miles at the median and 75th percentile, respectively. Conclusions: Our findings demonstrate a complicated relationship between centralization and geographic access. While centralization has led to a decrease in overall access to cystectomy facilities, the process simultaneously improved access to high volume centers.
INTRODUCTION
Radical cystectomy is the standard, and potentially curative, therapy for muscle-invasive bladder cancer [1] . Achieving optimal outcomes after radical cystectomy requires maximizing tumor control while minimizing treatment-related morbidity and mortality [1, 2] . Multiple studies have shown a strong association between facility volume and improved cystectomy outcomes including reduced perioperative morbidity and mortality [3] [4] [5] [6] , shorter length of stay [7, 8] , lower costs [6, 7] , and better long-term survival [9] . Moreover, it has been estimated that up to 40% of the decrease in 30-day mortality after cystectomy observed between 2000-2008 was attributable to centralization of care [10] . As a result, multiple stakeholders have advocated for centralization of care to hospitals with high cystectomy volumes [11, 12] . The dialogue on centralization has received renewed attention of late due to the "Take the Volume Pledge," a public campaign to eliminate use of low-volume centers and surgeons [13] .
Alignment of advocacy and market forces (e.g., shrinking reimbursement) have led to significant centralization of cystectomies over the past decade [14] . It is estimated that high-volume hospitals accounted for 50-90% of the cystectomy market in the late-2000s compared to only 35-40% in the prior decade [10, 14, 15] . As a result, many low-volume surgeons have exited the marketplace, decreasing the overall number of available centers. These patterns have generated concerns about increased travel distances for patients seeking surgical care for bladder cancer [10, 16, 17] . Specific concerns include delays in delivery of the initial procedure and fragmented perioperative care, particularly in the management of late complications. However, centralization has also led to an increase in the number of high-cystectomy-volume centers. The net overall impact of centralization of cystectomy care on hospital access thus remains unclear.
Several studies have established that long travel distance is an important barrier to surgical care for bladder cancer [17] [18] [19] [20] . These studies are predominantly retrospective analyses of changes in travel patterns among cancer patients. These methods fail to differentiate between patients forced to travel longer distances for care versus those that opted to travel greater distances in light of the volume-mortality benefit. In this study, we describe accessibility using Census data and geo-mapping to capture accessibility across the entire New York State (NYS) population. We further characterize population level changes in access resulting from variations in number and geographic location of high-volume, or higher quality, centers over time. We hypothesized that, despite centralization, increases in the absolute number of high-volume cystectomy centers has improved geographic access to high-quality hospitals across the entire NYS population.
MATERIALS AND METHODS
Data on all inpatient admissions in NYS from 1997-2011 were obtained from the NYS Department of Health's Statewide Planning and Research Cooperative System (SPARCS) database [21] . SPARCS contains information on patients' demographics, insurance status, ZIP code of residence, clinical diagnoses and procedure codes (organized by International Classification of Diseases, 9th Revision [ICD-9]), and facility identifiers. Hospital addresses were manually coded via online search based on facility identifiers. The dataset was merged with 2000 and 2010 United States (US) Census data to obtain ecological measures on the percent college educated population, median household income, and urban/rural status. Census and SPARCS datasets were merged using ZIP codes. This study was deemed exempt by the Icahn School of Medicine at Mount Sinai's Institutional Review Board.
All bladder cancer patients (diagnosis codes 188.X and 236.7) that underwent cystectomy (procedure code: 57.59-57.79 and 68.8) were identified from the registry using ICD-9 codes. Patients with unknown ZIP code of residence or cystectomy center were excluded from the analysis. Patients residing outside of NY State were also excluded.
Currently, there is a lack of consensus on thresholds for classifying cystectomy centers based on their volume. Previous studies have tabulated cumulative hospital cystectomy volume over the study period, and then classified centers into volume quintiles of very low-volume (VLV), low-volume (LV), medium-volume (MV), high-volume (HV), and very high-volume (VHV) [3, 4, 22] . However, this method has been criticized as it yields inconsistent thresholds across studies, due to temporal and geographic variations in hospital volume across study cohorts [8, 23] . In order to address these limitations, we first divided the sample into three 5-year blocks: 1997-2001, 2002-2006, and 2007-2011 . Cumulative hospital volume was calculated within each 5-year period prior to restricting the cohort to NY residents.
Thresholds separating hospital volume quintiles were determined for the period of least centralization (i.e., 1997-2001) and then applied to subsequent time periods (i.e., 2002-2006 and 2007-2011) . This methodology allows for reclassification of hospitals over time. Similar methods have been reported in other volume-outcomes studies [15, 16, 24, 25] .
Two approaches were used to describe geographic access. First, using the cohort of cystectomy patients, driving distance traveled to the center (from home ZIP code to cystectomy hospital ZIP code) was calculated using Microsoft MapPoint ® and Excel ® plugin CDXTech ZipStream™. Route optimization technology from MapPoint ® was used to calculate the minimal distance and time between zip codes. Distance traveled was trended over time [16, 24] . Secondly, minimal driving distance and time to any HV/VHV center were calculated from every NYS ZIP code within each 5-year period. Populationweights, from the US Census, were linked to the data by ZIP code in order to describe geographic accessibility across the entire NYS population. Geographic distribution maps, reflecting the location and volume of hospitals within NYS, were created utilizing Python code and the Basemap library. Hospitals were mapped using the latitude and longitude of the hospital ZIP code (code available at https://github.com/stensy/sparcs bubblemap).
Statistical analyses were carried out with Stata software version 13.1 (StataCorp, College Station, TX). Descriptive statistics were used to characterize temporal changes in the proportion of cystectomies performed at higher volume facilities and the number of hospitals in each volume group. The chi-square test was used to assess unadjusted associations. In order to characterize the relationship between geographic accessibility and utilization of low-volume hospitals, we performed logistic regressions of minimum distance to HV/VHV centers on the utilization of LV/VLV and VLV hospitals. The cohort of cystectomy patients was separated into terciles according to the minimal travel distance to a HV/VHV center in order to simplify the regression. Models were adjusted for age, gender, race, Charlson comorbidity score, insurance status, and Census measures including: median income per household, urban/rural status, and percent population that was college educated. The Bonferroni correction, p < 0.025, was applied to our regression analyses as results are reported across two outcomes, utilization of LV/VLV facility and VLV facility. Wilcoxian signed-rank tests were used to compare non-parametric differences in min- 
RESULTS
A total of 10,713 bladder cancer patients that underwent cystectomy between 1997-2011 were identified from the SPARCS database. Of these, 9,121 patients met criteria for inclusion in the study (Supplemental Figure) . The cohort was predominantly male (73.8%), aged 65-75 (40.0%), white (83.3%), insured by Medicare (60.9%), and without comorbid conditions (39.6%). Using data from 1997-2001, the following volume thresholds were created: ≤2.6, 2.7-5, 5.1-10, 10.1-27.2 and ≥27.3 cystectomies per year for VLV, LV, MV, HV and VHV facilities, respectively.
Hospital volume thresholds
Study subjects received care from a total of 195 hospitals between the years of 1997-2011. Consistent with centralization, the proportion of cystectomy patients utilizing HV/VHV facilities increased from 37. 
Geographic access among cystectomy patients
Among the cohort of cystectomy patients, distance and time traveled increased over periods of increasing centralization. Median distance traveled increased 4.8 miles overall (from 9.6 to 11.6 to 14. 
Geographic access to high volume centers in the New York State population
Cumulative percentage and box plots, generated with US Census data, depict population-level changes in travel distance ( Figs. 2A and 2B ) and travel time centralization of cystectomy centers, which is believed to reduce operative mortality [10] . Despite the documented benefits, efforts to expand centralization, such as "Take the Volume Pledge" campaign, have been greeted with notable opposition [26] . A major concern of these healthcare delivery changes is that geographic inequities are imposed upon populations that live far away from HV/VHV centers [16, 17] . Our study demonstrates a mixed relationship between centralization and geographic access. While centralization has led to a decrease in overall access to cystectomy facilities, and overall increased travel for care, the process simultaneously improved access to high volume centers. Examining travel patterns among HV/VHV utilizers shows an 7.7 mile increase in distance traveled from 1997-2001 to 2007-2011, but at a slower rate relative to the general cystectomy population. This result is likely due to competing effects on travel patterns: improvements in minimum distance to HV/VHV centers (which decreases travel) and a larger percentage of the population seeking care from HV/VHV centers (which may extend travel depending the distribution of said patients). For these reasons, one cannot wholly extrapolate a causal relationship between increased travel distance and decreased geographic access. When examining access in the NYS population rather than among cystectomy patients, minimum required travel distance and time to HV/VHV centers decreased during periods of increasing centralization. If the goal is to redirect patients to higher quality hospitals, consistent with the 'Take the Volume Pledge', then centralization has arguably improved geographic access to care. To our knowledge, this is the first study to report that centralization may have beneficially impacted geographic barriers. The decrease in distance to HV/VHV centers was modest, only 1.9 and 9.4 miles at the median and 75th percentile. However, it is quite notable that these changes occurred passively in the context of centralization. As the process continues, centralization may continue to improve access to higher quality centers. Further, policy makers may leverage this phenomenon to improve access to HV/VHV centers. For example, distributional maps displaying the location of cystectomy centers, such as Fig. 1 , may be superimposed onto population density maps to identify optimal locations for the placement of additional HV/VHV centers. State government may set aside tax credits for hospitals in aforementioned locations for the establishment of "centers of excellence". Alternative strategies may be required to address the needs of patients living in particularly remote regions of the country, such as subsidies to cover travel costs.
We have further shown that LV/VLV centers are still very prevalent in NY State and that distance plays a critical role in their continued utilization. annual surgeon volume, and Census variables measured at the level of the ZIP code including: median income per household, urban/rural status, % college educated, % houses that are owner occupied. All p-values ≤ 0.002. Unfortunately, no studies have evaluated the utility of accessing HV/VHV centers from great distances against the costs associated with significant travel. As of now, patients must individually weigh the benefits of HV/VHV utilization against the financial costs of travel and potential delays secondary to the referral for care, which have also been associated with increased perioperative mortality among bladder cancer patients [27, 28] .
Of note, there remain a large subset of patients utilizing LV/VLV facilities and traveling excess distance compared to the nearest HV/VHV center, indicating that there are still barriers to access of HV/VHV hospitals not simply related to travel time or cost. Structural barriers related to facility type and physician access, as well as direct affordability, have been cited as significant obstacles in access to HV/VHV centers and thus appropriate care [22, 29] . Further, cultural obstacles, namely racial disparities, have been shown to be drivers of LV/VLV utilization in large urban cities where HV/VHV cystectomy providers are often located [29] . Though centralization has decreased physical distance and travel time to a HV/VHV center, further changes in access are necessary to provide care to the local, not merely the isolated or more dispersed, populations.
There are several important limitations to our study. First, the volume-mortality benefit was not independently validated in our dataset as the dataset only included inpatient mortality (an extremely rare event). This study assumes that high volume leads to higher quality, which has been robustly demonstrated in larger observational studies [3, 4] . Secondly, our study was limited to New York State. We were not able to characterize the effects of border crossing, nor account for the presence of HV/VHV facilities near the state border. This effect is somewhat attenuated by interstate variations in insurance regulations that favor the receipt of in-state care. Additionally, the findings in this study are geographic in nature, thus limiting generalizability to other states, which most likely have very different distributions in population density. However, centralization and increasing number of HV/VHV centers have been recorded across different cancer procedures and locations [10, 24] , suggesting that our findings may be replicated in numerous contexts. Further, we believe the findings can likely be generalized to other highly specialized cancer surgeries (e.g., Whipple, esophagectomy) as these forms of care are often co-located in tertiary referral centers. This study is also limited in that population-density was a fixed characteristic based off the 2010 Census, and thus our findings fail to account for the effects of population shifts over time. This study may have underestimated geographic disparities in 1997-2001 and 2002-2006 given the history of migration out of Upstate New York [30] , a location that lacked a HV/VHV center throughout the study timespan. Moreover, we were not able to account for patients' access to various modes of transportation. Patients without access to a car may be particularly vulnerable in the utilization of LV/VLV hospitals. Other drivers of LV/VLV utilization, namely clinical information conferring low risk for perioperative complications (eg, pathological data), were not available in SPARCs as it is an administrative dataset. Finally, we did not assess the distribution of HV and LV surgeons, which can independently impact outcomes for cystectomy patients.
A key strength of our study is the population-based approach in the analysis of geographic barriers to care. This approach has two major advantages. First, our estimates on access are not impacted by patients selectively opting to travel further for higher quality care. Secondly, our analysis focuses on changes in access to HV/VHV centers, simultaneously recognizing the importance of both quality and distance in the assessment of access. Using this approach, geographic access to HV/VHV centers was found to modestly improve as a result of centralization. Of note, changes in travel distance were experienced differently across the population. Fortunately, the improvements in travel distance were mostly experienced among patients living at moderate-to-great distances from HV/VHV hospitals likely due to the increase in the number of high volume centers over time. It is important to note that reclassification only favorably impacts geographic barriers if the city of a newly 'reclassified' HV/VHV hospital does not already have a HV/VHV center. Other strengths of our study include the use of a large database that captured all cystectomies in NYS, regardless of payer type. Finally, geographic barriers were characterized using actual driving distance rather than straightline distance. Straight-line distance has previously been reported to underestimate driving distances by 20-30% [31] .
In conclusion, our study may abate some concerns that centralization imposes geographic barriers unto patients. Regardless, further analyses are needed to assess the needs of patients living in particularly remote regions as well as barriers within communities close to HV/VHV centers. Unfortunately, these analyses have been inhibited by a lack of consensus on fixed volume criteria as a quality measure for cystectomy. Despite the complicated nature of the debate on centralization, inexpensive and affordable methods to address inequities in access do exist. We believe that geographic mapping, as we have done in this study, can assist in the formulation of effective policy to appropriately address inequities in access to care.
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